The Heterobasidiae edible mushrooms are a subclass of Basidomycetes, and the the fruiting bodies of Tremella fuciformis (TF), namely White-jelly-fungus or Silver-ear, are very popular in China as a medicinal remedy with nutritive and tonic actions for treating debility and exhaustion. A variety of semi-purified polysaccharides have been isolated and characterized from the TF spore (designated as polysaccharide A and B) 1) and the fruiting bodies. 2,3) Considerable attention has recently been drawn to the immunomodulating activities exhibited by their non-starch polysaccharide components, and especially the b-glucans.
The Heterobasidiae edible mushrooms are a subclass of Basidomycetes, and the the fruiting bodies of Tremella fuciformis (TF), namely White-jelly-fungus or Silver-ear, are very popular in China as a medicinal remedy with nutritive and tonic actions for treating debility and exhaustion. A variety of semi-purified polysaccharides have been isolated and characterized from the TF spore (designated as polysaccharide A and B) 1) and the fruiting bodies. 2, 3) Considerable attention has recently been drawn to the immunomodulating activities exhibited by their non-starch polysaccharide components, and especially the b-glucans. 4) It has been found that the fermented solution and various extracts as well as the polysaccharide from TF 1, 5, 6) have several pharmacological activities, 7) such as enhancing the cellular and humoral immune functions, 6, 8) and they also have anti-tumor, 9, 10) hypoglycemic, 11, 12) hypocholesterolemic, 13, 14) anti-inflammatory, 1, 3) antioxidant, 15) and anti-aging effects. 16) The polysaccharide fraction has been clinically used in China for cancer patients who are being treated with chemotherapy or radiotherapy to enhance their immune function 8) and also for treating chronic hepatitis patients. 17) Previous to this study, we investigated that many kinds of medicinal herbs had a neuritogenic effect in PC12h cells. Among them, the aqueous extracts of Gardenia jasminoides, Panax ginseng, Epilobium macranthum and TF significantly enhanced nerve growth factor (NGF)-induced neuritogenesis (data not shown). Since the memory-associated increase in NGF in vivo is related with the central cholinergic neurons or synaptogenesis, which are both known to enhance the memory function, 18) it is possible that these bioactive herbal medicines may help improve memory.
It has been reported that NGF and other neurotrophins play important roles in the growth, differentiation and survival of neuronal cells. 19, 20) They are expected to have a regenerative action on the injured tissues in neurodegenerative diseases such as Alzheimer's disease (AD) and Parkinson's disease. However, because of their inability to cross the blood-brain barrier and their vulnerability to hydrolytic enzymes, they cannot be used as a medical treatment. AD is accompanied by pronounced neurodegenerative changes in the brain. The pathological features that have been identified in the central nervous system (CNS) of AD patients are senile plagues and neurofibrillary tangles, oxidative and inflammatory processes and neurotransmitter disturbances. A consistent neuropathological occurrence associated with memory loss is a cholinergic deficit, and this has been correlated with the severity of AD. [21] [22] [23] [24] Cholinergic neurons in the CNS are believed to be involved in learning and memory of both human and animals. 25, 26) The cholinergic approach to treating AD involves counteracting this loss in cholinergic activity by pharmacological intervention to increase the cholinergic transmission. 27) Animals and human studies have suggested that one of the major factors in agerelated senile CNS dysfunction and in the early stages of AD may be disruption in the cholinergic neurotransmission system. Scopolamine is a muscarinic cholinergic receptor antagonist, and it impairs learning and memory in rodents and humans, and especially the process of learning, acquisition and short-term memory 28) ; scopolamine-induced amnesia has been used as a model for screening anti-amnesic drugs. 29) In this study, we examined the effect of a water extract of TF (0.01-1 mg/ml) on neurite outgrowth in PC12h cells. Since neuritogenesis plays an important role in regulating the process of learning and memory, we also investigated the memory-improving effects of TF in scopolamine-induced amnesic rats with using the Morris water maze test and choline acetyltransferase (ChAT) immunohistochemistry. After culture for 72 h in 5% CO 2 at 37°C, the cells were washed with PBS and 1 ml of 0.1% glutaraldehyde solution was added and then the cells were placed for 30 min in room temperature. The length of longest neurite of the individual cells was measured by an image processor system (model DC-300F, Leica microsystem Co., Ltd., Wetzlar, Germany) that was attached to a phase-contrast microscope (200ϫmag-nification), and with using imaging software (Qwin Plus 271, Leica Microsystem imaging solutions Co., Ltd., Cambridge, U. K.).
Preparation of the TF Water Extract The TF bodies were cultivated in Fujian Province, China and extracted with water about 30 times the TF's dry weight for 6 h at 95°C. The extracts were combined and concentrated using a rotary vacuum evaporator; this was followed by lyophilization. The yield of TF extract was about 15% (w/w).
Animals and Drugs Adult male Sprague-Dawley rats weighing 260 to 280 g each were obtained from Samtaco Corp. (Kyungki-do, Korea). The experimental procedures were carried out according to the animal care guidelines of the NIH and the Catholic University of Korea Institutional Animal Care and Use Committee. All the animals were housed in groups with continuous access to food and water ad libitum, and they were maintained on a 12-h light/dark cycle at 23°C room temperature. The experiments began at least 7 d after their arrival; they had been previously housed in individual cages. The rats were randomly assigned to four groups (7-10 rats in each group): the sham group, the scopolamine-treated (2 mg/kg) group (control group) and the TF (100, 400 mg/kg) and scopolamine (2 mg/kg) co-treatment groups (the TF-100, TF-400 groups). The TF extract was dissolved in 0.9% physiological saline and the rats were orally administrated TF for 14 d. Rats in the sham and control groups were similarly treated with corresponding volumes of distilled water. One hour after treatment with TF, all the rats except the sham group received scopolamine hydrochloride (2 mg/kg body weight, s.c.) 30 min prior to the consecutive trials of the Morris water maze task. Scopolamine hydrochloride (Sigma-Aldrich Fine Chemicals Korea Co., Ltd., Korea) was dissolved in saline.
Morris Water Maze Test
The water maze was a circular pool (painted white, 1.8 m in diameter and 0.35 m high) constructed from fiberglass. The pool contained water that was maintained at a temperature of 22Ϯ2°C. The water was made opaque by the addition of 1 kg of powdered milk. During testing in the water maze, a platform 15 cm in diameter was located 1.5 cm below the water in one of four locations in the pool at approximately 50 cm from the sidewalls. The pool was surrounded by many visual cues that were external to the maze. A video-camera was mounted to the ceiling above the pool and it was connected to a videorecorder and tracking device (S-MART; Pan-Lab, Barcelona, Spain), which permitted on-and off-line automated tracking of the path taken by the rat. The animals received four trials per session. The rats were trained to locate the hidden escape platform, which remained in a fixed location throughout the testing. The trials lasted a maximum of 180 s and the latency to find the submerged platform was recorded. The animals were tested in this way for 6 d, and then they received a probe trial on the 7th day. For the probe trial, the platform was removed from the pool and then the animal was released from the quadrant opposite to where the platform would have been located. The length of the trial was 60 s, after which time the rat was removed from the pool. The proportion of time the rat spent searching for the platform in the training quadrant; i.e., the previous location of the platform, was recorded and used as a measure of memory retention. 31) ChAT Immunohistochemistry At the end of the behavioral observation, the rats were deeply anesthetized with a sodium pentobarbital (80 mg/kg, i.p.) and then perfused through the ascending aorta with normal saline (0.9%); this was followed by 900 ml of 4% paraformaldehype in 0.1 M PBS. The brains were removed, postfixed overnight and cryoprotected in 20% sucrose with PBS. Brains were sliced by a cryostat as 30-mm coronal sections, which were processed immunohistochemically as free-floating sections. The sections were washed in PBS containing 0.3% Triton X-100 and 1% rabbit serum, and they were then incubated in the ChAT primary antibody (Cambridge Research Biochemicals, Wilmington, DE, U.S.A.) that was diluted 1 : 2000 in the same buffer at 4°C for 72 h. After washing, the sections were incubated in biotinylated anti-sheep serum and ABC complex (Vectastain Elite Kit; Vector Lab., Burlingame, CA, U.S.A.) for 2 h. The ABC complex was visualized by using 0.05% diaminobenzidine with 0.02% H 2 O 2 . The images were captured using an Axio Vision 3.0 imaging system (Zeiss, Oberkochen, Germany) and these images were processed using Adobe Photoshop. For measuring the ChAT positive cells, the grid was placed on the MS, hippocampal CA1 and CA3 areas according to a rat brain atlas.
32) The number of cells was counted at 100ϫmagnification using a microscope rectangle grid that measured 100ϫ100 mm.
Statistical Analyses The data were expressed as meansϮS.E.M. Group differences for the escape latency in the Morris water maze task were analyzed using one-way analysis of variance (ANOVA) with repeated measures. Oneway ANOVA followed by the LSD post hoc test was done for multiple group comparisons of the data collected for the suc-cessive training days, the probe trials, the immunohistochemical assay; the Scheffe post hoc test was used for image analysis of the neurite outgrowth. p values Ͻ0.05 were considered statistically significant.
RESULTS

Neuritogenesis with TF and NGF
The neuritogenic effect of the crude TF water extract in the PC12h cells is showed in Fig. 1 . Treatment with TF significantly increased neurite outgrowth in PC12h cells in a concentration-dependent fashion [F 5,594 ϭ41.264, pϽ0.001]. When the TF concentration was 0.01 and 0.05 mg/ml, the neurite outgrowth was not significantly different compared with control. However, when the TF concentration was 0.1 mg/ml (pϽ0.01) and 1 mg/ml (pϽ0.001), then further increases of neurite outgrowth occurred. The addition of NGF (0.1 mg/ml) resulted in a 1.7-fold increase of neurite outgrowth (pϽ0.001), which was similar significantly to that induced by TF (1 mg/ml). Figure 2 shows the morphology of PC12h cells with neurites at 72 h of treatment with 0.1 mg/ml NGF (b), 0.1 mg/ml crude water TF extract (c), or neither of them (a).
Morris Water Maze Task The effect of TF treatment on the swimming time to reach the submerged platform is illustrated in Fig. 3 . The sham group rapidly learned the location of the submerged platform, and they reached it within 20 s by the 6th day of the trials. The TF-treated rats (100, 400 mg/kg) also showed a significantly reduced escape latency through the training period. Repeated measures ANOVA on the training data showed that the escape latency significantly differed among the groups when the times were averaged over all the sessions [F 3,26 ϭ4.808, pϽ0.01] . During the experiment, the latency to escape diminished over the time [F 5,125 To examine the spatial memory of rats, analysis of the performance on the probe trial with comparing the percentage of time spent swimming to the platform is illustrated in Fig. 4 . The times spent around the platform were significantly different among the groups [F 3,29 ϭ5.339, pϽ0.01], and the sham and TF-400 groups spent more time around the platform than the control group (pϽ0.01 for the sham group, pϽ0.05 for the TF-400 group). Scopolamine severely impaired spatial cognition on the water maze task, and TF treatment attenuated the scopolamine-induced deficit of learning and memory on the water maze.
ChAT The immunohistochemical ChAT data were analyzed by performing separate oneway ANOVA on the number of neurons among the groups and this was followed by the LSD test. * * * pϽ0.001 vs. sham; ## pϽ0.01 vs. control. The immunohistochemical ChAT data were analyzed by performing separate oneway ANOVA tests on the number of neurons among the groups, and this was followed by the LSD test. the TF-100 group (pϽ0.05) and to 146.6% in the TF-400 group (pϽ0.01). The ChAT immunoreactive cells in the CA3 area were 20.5Ϯ1.1 in the sham group, 15.1Ϯ0.6 in the control group, 18.3Ϯ1.1 in the TF-100 group and 16.7Ϯ1.2 in the TF-400 group [F 3,47 ϭ5.081, pϽ0.01]. The number of ChAT positive neurons was significantly increased to 121.2% of the control in the TF-100 group (pϽ0.05) but the number of ChAT positive neurons was not significantly increased in the TF-400 group.
DISCUSSION
It has recently been reported that the application of herbal medicines or their compounds for treating the Alzheimer type dementia patients improved their memory related behavior. [33] [34] [35] However, there is little scientific evidence about herbal medicines' effectiveness, and there hasn't been any systematic pharmaceutical screening of these products' compounds.
The present study evaluated the cognitive-enhancing activity of the neuritogenetic TF compounds as an alternative herbal pharmacotherapy for treating neurodegenerative disorders such as AD. Transcription and neurite outgrowth of the PC12h cells were stimulated by the TF aqueous extract in a concentration-dependent manner, and there was correlation between them. The TF at concentrations ranging from 0.1 to 1 mg/ml had a highly enhancing effect in neurite outgrowth. The appearance of neurite growth was conspicuously observed as growth cones at the free terminals of long neurites.
PC12h cells are subclones of PC12 and they have neuritogenic activity equal to that of the parental PC12 cells; they also have NGF-responsive tyrosine hydroxylase activity. 36) The rat pheochromocytoma PC12 cell line has been extensively used as a model for studying neuronal differentiation. 37) PC12 cells respond to neurotrophic factors, including NGF and fibroblast growth factor (FGF), by differentiating into sympathetic neuron-like phenotypes that are characterized by neurite outgrowth and the expression of many neuron-specific proteins. [37] [38] [39] An oral administration of TF extract improved impaired memory and the concomitant decrease in cholinergic activity of the scopolamine-treated rats. The TF water extract might have ameliorated the scopolamine-induced decrease of memory retention on the Morris water maze by enhancing the central cholinergic transmission, i.e., by enhancing acetylcholine release and ChAT activity. Therefore, TF crude aqueous extract appeared to be comparably active for its neuritogenesis effects in vitro and its anti-amnesic effects in vivo.
The scopolamine model has been extensively used to learn more about the status of the cholinergic system and its role for cognition in aging and AD, and also for evaluating possible therapeutic agents for treating memory impairment. 25, 40) The cholinergic system plays an important role for learning and memory in humans and animals. 41) The muscarinic antagonist scopolamine, when administrated to animals, is capable of transiently producing some of the deficits seen in the processes of learning acquisition and short-term memory that are considered as characteristics of AD. 29, 40) The well-replicated amnesic effect of scopolamine is interpreted as a principal consequence of a blockade of the post-synaptic muscarinic M1 transmission, and this leads to disruption of the function of the hippocampus in the working memory. Accordingly, in the present study, we observed cholinergic dysfunction in the rats with amnesia, which was induced by scopolamine. The results from the Morris water maze test suggested that TF administered at the highest effective doses ameliorated the scopolamine-induced deficits in learning and memory. The TF extract has some kind of useful material that possesses anti-amnesic effects, and these effects can be exploited for the treatment of cognitive disorders. The present results demonstrated that activity of cholinergic neurons in the MS and hippocampal terminal was reduced by scopolamine. It is well established that activity of cholinergic neurons in the MS and hippocampal terminals or acetylcholine content was decreased by scopolamine. [42] [43] [44] However, exact mechanisms underlying scopolamine-induced reduction of cholinergic systems were known yet. Since it is not yet known that the decrease in ChAT activity is reflected to cell death or reversible deactivation of the cells. It should be needed to employ terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) study in order to examine apoptosis of cholinergic neurons after scopolamine injections. Treatment with TF increased cholinergic immunoreactivity induced by scopolamine in the MS and hippocampus. In the MS and hippocampal CA1, TF treatment produced increase in ChAT-immunoreactivity in a dose dependent manner, and this may be highly correlated with behavioral results. Whereas in the hippocampal CA3 area, low dose of TF, 100 mg/kg increased immunoreactivity, high dose of TF, 400 mg/kg was without effect on cholinergic activity. It is not clear why highest dose of TF produced a smaller increase in ChAT-immunoreactivity than did the lower doses. It is possible that the CA1 is more acting site than the CA3 in response to treatment with TF. This result suggests that actual anatomical site of action of TF may be hippocampal CA1 areas. Our suggestion may be supported from several previous studies, demonstrating that acetylcholine release is different from subfields of the hippocampus, CA1 and CA3. The higher concentration was measured in the CA1 than the CA3.
45) The other possibility is that certain components of TF may inhibit the central cholinergic system and it may cancel out its stimulant effect of TF. Further studies will be necessary to examine the effects of components of TF on scopolamine-induced learning and memory and cholinergic systems.
Some of the TF compounds up-regulated ChAT activity in the cholinergic neuronal regions and they increased NGFlike neurite outgrowth in the PC12h cells. These findings support the specificity of the TF effects on certain aspects of the cholinergic activating and neurotrophic systems.
NGF is a protein that's required for the survival and differentiation of cholinergic neurons of the basal forebrain in the central nervous system. 46) The administration of NGF into the brain of a fornix-fimbria lesioned rat can rescue many cholinergic, septal-basal forebrain (SBF) neurons from imminent cell death. 47) NGF is also known to improve spatial memory. 48, 49) Natural plant extracts are well-known to exhibit anti-aging effects and many traditional oriental medicines have been widely prescribed for their reputed cognitive-enhancing or anti-aging effects. These herbs include Lycium barbarum, Ginkgo biloba L., Lycoris radiata, Magnolia officinalis, Poly-gala tenuifolia WILLD, Ginseng Radix and Scrophularis buerheriana. [50] [51] [52] [53] [54] [55] Other studies reported that the water extract of Polygalae Radix increased ChAT activity and NGF secretion in vitro 56) and its compound, acylated oligosaccharide, has cognition improving effects and cerebral protective effects. 57) An acidic oligosaccharide extracted from the brown algae, Echlonia Kurome OKAM, by enzymatic depolymerization attenuates the memory impairment induced by scopolamine, as evaluated by a shortened escape latency, a shortened swimming distance and an increased retention time in the quadrant where the platform was placed in a Morris water maze task. 58) Polysaccharide, including glycosaminoglycan (GAGs, long unbranched heteropolysaccharide chains attached to the protein core of a diverse family of proteoglycans), perform numerous functions in various cell types such as promoting neuritogenesis, peripheral nerve regeneration and muscle reinnervation following a sciatic nerve lesion. 59, 60) Recent reports have shown that a heparin-derived oligosaccharide, C3, which can pass through the blood-brain barrier, has a protective effect against ethylcholine aziridinium (AF64A), a toxic analog of choline that induces cholinergic lesion in rats. 61) The intrabasalis microinjection of GAGs facilitates memory processing due to its effects on cholinergic output in the frontal cortex. 62) TF extract is comprised high polysaccharides including acidic heteroglycans, b(1→3)-glucans and glucuroxylomannan. 2, 5) In this study, the water-soluble polysaccharides from TF extract may have ameliorated the memory deficit induced by scopolamine in rats. The administration of TF helped the rats recover their decreased learning capacity and their deficit in cholinergic marker enzyme activity. These results suggest that TF plays a role in stimulating NGF and this may provide a new approach to the treatment of dementia.
